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1
FOREWORD 
Work has continued on the evaluation of pressure transducers 
for use with long-life implantable telemeters. Preliminary circuit 
designs for microwatt powering of the transducer have been evolved. 
Studies, at a reduced level, on miniature implantable pH 
electrodes have also continued and are beginning to show promise. 
Work on high-capacity photo-film recorders for biological data 
was initiated and is proceeding satisfactorily. 
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1. IMPLANTABLE TRANSDUCERS 
1.1 Pressure Sensor 
At the writing of our last report	 we had just selected the
piezo-junction transistor as a promising candidate for use as an implant-
able pressure sensor. 
Our plan was to evolve circuitry which permitted the device 
to operate as a pressure-sensitive resistive element so as to control 
any of the standardized sub-carrier oscillator circuits previously 
(ibid) 
evolved	 . Such circuit designs were developed without temperature 
compensation since we planned to add that attribute after a complete 
evaluation of the transducer itself. Therefore, to preclude the intro-
duction of variations caused by temperature we evaluated the device at a 
constant ambient (± 0.1 0 C). The apparatus used is depicted in Figure 1-1. 
Note that the sensor itself is sealed in place and the pressure-sensitive 
diaphragm can be subjected to pressures over the range of 0 - 250tnmHg. 
However, the device is constructed with a vent-hole at its base so that 
in fact, the pressures being sensed are the difference between that 
applied via the tiny pressure chamber and atmospheric. For this reason 
we required an extremely accurate barometer so that we could correct our 
data for shifts caused by atmospheric pressure changes. The test 
chamber was stabilized in an oven at 37°C. 
A typical circuit used and its effect on a related 5.4 K1-Iz, 
standard sub-carrier oscillator is shown in Figures 1-2 and 1-3. These 
data showed great promise and it can be seen from the data that a 
response of ca. 3 Hz/mmHg was obtained. Exploring the sensitivity of the 
circuit to voltage changes (1.350 - 1.330) we find a potential source of 
error of ca. 2.6inmHg over the useful life of the implant. The total 
pressure-sensing-circuit power requirement was ca. 2.7 llwatts. 
Space Related Biological and Instrumentation Studies, R. J. Gibson 
and R. M. Goodman, FIRL Report A-B2299-4, March 1969 to March 1970. 
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PLETHYSMOGRAPH INDICATOR 
0-250 mm Hg 
PRESSURE SENSITIVE FACE 
PRESSURE SENSOR
	 - HAND-PUMP 
SEALED IN PLACE	 \	 BULB 
HEAVY LUCITE CHAMBER 
Figure 1-1
	 Pressure Sensor Test Apparatus 
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Figure 1-2	 Pressure Circuit Tie-in to SCO 
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Figure 1-3	 SCO Response to Pressure Circuit 
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All of this looked exceptionally promis 
that we detected a persistent and steady drift in 
the system. Corrections for atmospheric pressure 
checking of the oven temperature offered no clues 
of the drift. We then rechecked the stability of 
oscillator and obtained the following data:
Ing except for the fact 
the "zero" setting of 
changes and careful 
concerning the source 
the related sub-carrier 
Hours	 Frequency (Hz) (Ecc = 1.330v) 
0 5866 
5 5866 
20 5866 
25 5868 
27 5868 
163 5867
It was obvious that the sub-carrier oscillator was performing 
as well, or better than our development reports of the past indicated. 
This led us to consider the possibility that humidity was 
affecting the semiconductor in the sensor via the back port open to the 
atmosphere. We reasoned that the passivation process used by the manu-
facturer was probably inadequate. Further, what we desired anyway was 
an absolute pressure sensor. We decided to seal the sensor. To that 
end, we conferred with the manufacturer and followed his instructions re 
a basic sealing process. However, we went further and set up a procedure 
as follows: 
1. soak the vented sensor in a dry air atmpsphere (RH < 1% at ca. 
20°C) 
2. after at least 8 hours of soaking, seal unit. 
3. further, cast unit (PITRAN) in double seal to prevent error 
transmission caused by lead motion. 
To accomplish this, a simple glove-box was set up, loaded with 
molecular sieves and fitted with an internal temperature control and air 
circulator. The enclosure setup is described in Figure 1-4. The 
internal RJ{ is stabilized at about 1%. 
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We soaked the PITRAN in this atmosphere for 8 hours and sealed 
the vent-port with Eccobond 1/285. We note that prior to this, we evalu-
ated the epoxy with two different curing agents and tested for adhesion 
to glass microscope slides. The #285 cured with Eccobond curing agent #9 
is superior in performance. 
Subsequent to sealing with the epoxy at an atmospherie pressure 
of 761.87 mm Hg and 29.3°C, the unit was retained in the glove box for 
24 hours of curing. It was then removed and cast into an Eccobond 
Syntactic Foam (1090S1) for additional sealing and immobilization of the 
leads. The final unit appeared as in Figure 1-5. This casting was 
permitted to cure for several days. The unit was then reinserted in the 
pressure test chamber and evaluation started. 
Prior to the evaluation we considered what to expect and 
predicted a period during which the epoxy sealant would outgas, to be 
followed by relative stability. Figure 1-6 shows the result of our 
observations over a 1000 hour period corrected for atmospheric pressure 
changes and with T=37.0°C, Ecc = 1.330 volts. Circuit drift with time 
is measured in hertz and all pressure readings are referred to 752.6mmHg 
which was the atmospheric pressure at the start of the run. For the 
first 300 hours, our "outgas prediction" seemed to hold, but then a 
persistent monotonic drift began, similar to our experience prior to 
sealing. We then embarked on a series of discussions with the manufac-
turer pointing out to him that the basic transducer embodied a drift char-
acteristic which absolutely precluded its use as a dc sensor-- and further 
that the drift was internal to the sensor. 
While the first response to our data was disbelief, results of 
tests performed in-plant by the manufacturer soon corroborated our 
findings. The manufacturer then embarked on a major effort to ascertain 
the cause and correction for the drift. Some five months later we have 
been able to obtain a new PITRAN which is allegedly drift-free. In the 
near future this unit will be sealed and evaluated. 
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Figure 1-5
	 Sealed Pressure Transducer 
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1.2 Blood Flow Transducer 
1.2.1 Means For Continuous Correction of Zero Drift of Signals From 
Transducers 
One of the chief disadvantages of many transducers is that 
while the calibration slope remains constant the zero point shifts due to 
variations not associated with the desired signal. These zero shifts may 
be due to various reasons among which are chemical change, temperature, 
and mechanical motion. 
If the signal can be removed frequently and thus zero shift 
measured, correction can be made for it and the measuring circuit is then 
capable of providing a true reading. 
In many cases, however, the measuring process cannot be inter-
rupted and hence a measure of the zero shift cannot be attained. This 
zero shift then appears as a change in the average signal level and gives 
an erroneous reading. 
This section describes a means for independently-determining 
the true value of the fixed or slowly varying component of a composite 
fluctuating signal and of combining it with the fluctioning portion of 
that signal thus providing a true value of the desired signal. This 
means eliminates any undesirable unknown zero drift in the signal and 
reconstructs the true signal. 
In the general case let there be a time varying fluctuating 
signal E(t) which it is desired to measure. This signal is composed of 
a rapidly varying component e(t) and a slowly varying component E 0 , which 
over several fluctions of the signal E(t) may be considered to be the 
average value. 
Thus E(t) = E + e(t) 	 (1) 
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Figure 1-7 
In the circuit arrangement proposed here there are two 
different measuring circuits, the primary and the independent. The 
primary measuring circuit is similar to the usual measuring circuits 
and is the circuit in which the spurious or undesired drift or zero 
shift occurs. This undesired signal is designated as E and may be 
fixed or slowly varying with time. 
The signal from the primary measuring circuit then becomes 
EE+E+e(t)
	
	 (2) 
( E Ct) 
Figure 1-8 
This undesirable signal E may be adding to or subtracting 
from the desired signal E(t) and may be due to drift in the transducer 
or in other circuits directly associated with the transducer. 
e 
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Figure 1-9a	 Figure 1-9b 
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Usually the signal E is processed through a number of electronic 
circuits such as amplifiers, filters, telemetry, etc., in which the slowly 
varying components of the signal is preserved so that the average level E 
is preserved, in this case the spurious signal E is also preserved and 
produces an erroneous output signal proportional to E. 
In this method let the signal be processed through any necessary 
circuits such as amplifiers, filters, telemetry, etc., but in this case 
the slowly varying components E 0
 and E are not preserved (such as would 
be the case with a.c. coupling) only the rapidly fluctuating component e(t) 
is preserved the output being proportional to this component. No informa-
tion concerning E or E is retained here. Thus the undesirable signal E 
0	 5	 5 
is eliminated. The desirable portion E is also eliminated, but will be 
separately determined by the independent part of the method and later 
combined with e(t) to regain a signal proportional to E(t). 
E - processing circults+e(t)	 (3) 
Let there now be a second measuring circuit independent of the 
primary circuit consisting of a transducer or electrical measuring 
circuit which may be of a completely different principle than that util-
ized in the primary circuit. This independent means is arranged to pro-
vide a timing mark or pulse only at a specific predetermined value of 
E(t). This predetermined value of E(t) will be designated E(t) and the 
times where this occurs and hence the time of the markers or pulses will 
be designated t. E(t) is a single value, the times when it occurs are: 
t, t2 , t 3 , etc. to t. As the signal E(t) varies it will at some time 
be larger than E(t) and then smaller than E(tn)• Each time E(t) is 
equal to E(t) the circuit will produce a pulse at will. This is illus-
trated in Figure 1-10. 
& (
	
.1'	 - - - 5 
	
- I
	 N-
i)(Ai14_H
	 A	 t(	 A	 11 
	
t q
 t	 - 
Figure 1-10 
The height of the pulses Is important only In that they be 
large enough to be easily handled by the associated circuits. The width 
of the pulses should be small on the average compared to the spacing 
between them to insure accuracy In their location and to enable the final 
reconstruction of E(t) to be made with accuracy. 
The pulse times t together with the known value of E(tn) will 
contain sufficient information so that together with the signal e(t) 
obtained from the primary measuring circuit the desired signal E(t) = E 
+ e(t), free of E 5
 may be reconstructed. 
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One of many independent means of obtaining the pulse times t  
is shown in Figure 1-11 and equation 5 
E, &t	 E(t-)
r0 cii,c"l S t)	 J	 4-
EtM)
Figure 1-11 
E(t) = E + e(t)
	 (5) 
and
E(t) = E + e(t)
	 (5a) 
Subtracting 
E(t) - E(t n ) = e(t)
	 (5b) 
The resulting AC signal crosses zero at time t  hence a zero 
crossing detection will produce an output at times t  (see Fig. 1-12). 
Lt')	 ) - T-
-	
." 	 V 
LI 
Figure 1-12 
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E(t)—
 C- (f
Figure 1-13a 
The signal E(t) - E(tn) can be represented by Fig. 1-13a and 
the output of the zero crossing detecton by Fig. 1-13b 
tO
	
Figure 1-13b 
We now have at our disposal the following signals: 
E(tn)	 fixed predetermined level of E(t) 
t 	 a number of times when E(t) equals E(t) 
e(t)	 the fluctuating component of E(t) 
E(t) is related to E0
 by 
E(t n
	 o	 n 
) = E + e(t )	 (5a) 
The series of pulses t are exactly the times when 
E(t) = E(t) 
and	
e(t) = e(tn) 
1-15
The signals E(t), t and e(t) can now be processed, amplified 
transmitted or stored in any way desirable. In order to reconstruct the 
original signal E(t) it is necessary to combine these signals into a 
circuit which may be any of several types, one of which is shown In 
Fig. 1-14.
0()—e(&) 
____	 \fl rc' 
---r 
Figure 1-14 
E = E(t)-e(t) 
E(t) = E + e(t) 
The original desired signal E(t) has thus been reconstructed 
and is free from spurious drift signals E5. 
For a specific application of this principle to a particular 
transducer we find that the permanent magnet flow meter is an excellent 
example.
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In the permanent magnet flowmeter the fluctuating part of the 
signal accurately reflects the fluctuating part of the flow, but due to 
drift of the zero point of the electrodes the steady or average flow is 
difficult to determine accurately. If an accurate measure of the steady 
or slowly varying average flow can be determined and combined with the 
fluctuating signal an accurate measure of flow can be obtained. 
The operation of the permanent magnet flowmeter is well known 
and operates as follows. A conducting liquid moving with a velocity V, 
cutting a uniform magnetic field of flux density B, will produce a 
voltage across the liquid of E. The basic equation is 
E = KBLV
	
(6) 
where	 E = voltage across length of liquid L 
B = magnetic flux density 
v = velocity of liquid perpendicular to B 
k = constraint of proportionality 
L = length of liquid (diameter of tube) 
If V is a function of t such that V = V + v(t), then E 
will be a function of t so that E = E + e(t). 
In the usual configuration the fluid is constrained to flow in 
a tube between the poles of a permanent magnet and the voltage is detected 
by a pair of electrodes across the diameter of the tube in electrical 
contact with the liquid as shown in Fig. 1-15. 
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Figure 1-15 
The voltage produced is directly proportional to the magnetic 
flux density, the flow v and the length (tube diameter) L. It is quite 
easy to maintain both B and L constant so that E (t)
	
V(t). In any 
practical construction, however, the electrodes in contact with the 
liquid almost invariably produce a voltage in addition to E(t) which 
occurs because of an electrochemical action of the electrodes and the 
conducting liquid. This spurious voltage is neither constant nor 
predictable in many cases and especially so where the liquid is blood. 
This additional spurious voltage or zero drift voltage then makes the 
output voltage no longer simply proportional to V(t). 
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E (t) = E(t) + E = E + KBLV(t)
	 (7) p	 S	 S 
where	 E(t) is the measured voltage 
and	 Es is the zero drift electrode voltage 
In some cases we can determine this spurious voltage by letting 
the flow become zero and measuring E(t) at zero flow which then equals E5 
Then	 Ep(t) = E + KBL V(t)	 from (7)

let V(t) = 0 
Ep(t) = E + 0
	 (8)	 (8) 
Then subtracting 
E p (t) - E (t ) = KBLV(t) 	 (9)	 (9) 
which is E(t) = KBLV(t)
	 from (7), (8), (9) 
In many cases however, it is not possible to set V(t)
	 0. 
Such would be the case for a totally implanted permanent magnet flowmeter 
measuring the blood flow in a human or animal. In this case by applying 
the principle described previously the signal E(t) can be determined. 
Let there be a flow V(t) which we can write 
V 	 = V + v(t)	 (10) 
and a measured signal from the electrodes 
E(t) which we can write 
E 
p	 s p 
(t) - E +E +e(t)
	 (11) 
. we will process this signal through a circuit which 
preserves e(t), but suppresses E and E. A simple circuit with ac 
coupling will do this.
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Further we know the slope constant of the flowmeter KLB from 
previous calibration so that 
e(t) = KLBv(t)	 (12) 
Now by independent means which will be described later, we 
determine the times t when V(t) is some predetermined value V . At 
these times t we can sample our signal e(t) to obtain values e(t). 
	
now V(t) = V + v(t)	 (10) or (13) 
at times t equation (10) gives 
V(t) = V + v(t)	 (14) 
but since V(t) at t  is predetermined to be V 
V 
n	 0 =V +v(t fl )	 S	 (15) 
or rearranging 
Vo = Vn_V ( tn)	 (16) 
From (10), (12) & (10) we then have 
V(t) = (V -v(t ) + e(t)	 (17) 
n	 n	 KLB 
and further since e(t ) = KLB v(t ) from (12) we finally

n	 n 
obtain 
V(t) = V 
n	 n 
- e(t ) + e(t)	 (18) 
K
	
KLB	 LB 
This is the desired velocity 
V being predetermined 
e(tn) being obtained from e(t) by sampling at t  and 
e(t) being obtained from E. 
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One means of independently determined the times t when the 
velocity of the liquid is VP
 is by means of a Doppler ultrasonic measuring 
technique. The principle of the Doppler ultrasonic flowmeter is well 
known and is shown in Fig. 1-16 and described as follows. 
An ultrasonic frequency is introduced by a transmitting trans-
ducer into a moving stream and a part of this energy is reflected by 
particles moving in the stream (with the stream velocity) back to a 
receiving transducer. The received frequency is different from the trans-
mitted frequency is different from the transmitted frequency by an amount 
proportional to the velocity of the particles. This is illustrated in 
the Fig. 1-16.
recfIr
z 
Figure 1-16 
In the simple case of a source moving away from a receiver the 
equation describing the frequency observed is: 
f =f 
o	 t V+v
	
s	 cbceru'r 
where f = observed frequency
	 Figure 1-17 
= transmitted frequency 
V = vel.of sound in medium 
v = vel.of source with respect to the observer
(19) 
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when the receiver is moving away from the source 
'vc,'r 
ml) 
oUrCe 
f =f V-v Figure 1-18 
	
0	 t( V 0)	 (20) 
where v0 is the observer velocity with respect to the 
source. 
In the case of sound being reflected from particles in a moving 
liquid, the particle essentially first acts as an observer and equation 
(11) applies. On reflecting or retransmitting the sound it acts like a 
source and equation (19) applies. 
Hence in the case of a moving reflector both equations are 
applied and
	
f =f	 V-v 
0	 t ( O\ f_V
S 
V-v 
=f I_ 
' V+v
S 
V-v 
=f4_I	 P 
' V+v 
P 
since v = v = v 
P	 0	 S 
SC'.4J C	 4t4. J.... 
U	 I (.1 n ' U 
OLErVG'.. 
Figure 1-19
(21) 
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In the case where V is >> V 
p 
fo =
	
[i_ _;J	 (22) 
where 2 
1v 2 J 
may be neglected with respect to 1 
since V = 15x10 5 cm/sec for blood 
V = 1000 cm/sec for blood maximum possible value 
2 
2 V(.1
V	 < 2 1101.Xlo5j2 /
< io	 and can always be neglected. 
The difference frequency is 
2f 
Af = (f - f) = ----s-v 
0	 t	 V p 
and this is seen to be directly proportional to the 
fluid velocity. 
Note that f is less than 	 The minus sign occurs because 
the observed frequency is lower than the transmitted frequency. The 
observed frequency is always lower than the transmitted frequency when 
the flow is away from the transducers. When the flow is towards the 
transducers equation (22) becomes 
2v 
= f	 1 +	 with a plus sign
t [ 
and equation (23) becomes 
2f 
= -k v	 also with a plus sign 
V 
(23)
(24) 
(25) 
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If a portion of the transmitted frequency is mixed or beat 
against the observed or received frequency in standard electronic circuits 
and then detected for the difference frequency we obtain an electrical 
frequency directly proportional to the velocity of the fluid. 
This Af for fluid velocities encountered in blood flow is an 
audio frequency. 
For example: 
let ft
 = 5xl06 Hz 
v = 50 cm/sec 
V = 1.5 x 1O 5
 cm/sec 
which are typical values for a Doppler ultrasonic velocity transducer 
for blood flow measurement. 
Then tf = 2x5x10 6 x._50 
1.5x105 
Af = 3,333 Hz 
A block diagram showing one way this can be accomplished by 
standard electronic techniques is shown below 
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Figure 1-20 
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The filter is a narrow band pass filter tuned to the desired 
frequency Af, 
If we now have a flow velocity below or above that required to 
produce a frequency Af there will be no output from the filter. When 
the flow is just that necessary to produce tf we will obtain a signal 
out of the filter of tf. 
Let us suppose we have a fluctuating flow with velocities 
above and below the chosen velocity V n . The flow does not have to be 
strictly periodic. 
v1. 
VM - 
—0-
1 
t-	 t> 
Figure 1-21 
If this flow is observed by a system as shown in Fig. 1-14 then 
an output will be obtained from the filter each time the varying flow 
reaches the value V and is shown on the lower abcissa. Thus twice each 
n 
cycle a calibration point is obtained for the flow signal. It is only 
necessary that the flow will range through the chosen V  value suffic-
iently often enough to give enough calibration points to enable the 
correction to be made before the spurious voltage E has drifted too 
far. The signal from the filter output gives the times at which the 
fluctuating flow signal has passed through the velocity V. This signal 
may be used to actuate a continuous offset or correction voltage circuit 
which will add a voltage of the proper sign to the flow signal so that 
it will correctly indicate the true flow. 
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One way of recovering the desired velocity or signal propor-
tional to the velocity is shown in Fig. 1-22. 
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Figure 1-22 
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The system just described is particularly useful where the 
blood flow has been measured primarily by means of a permanent magnet 
implanted flowmeter. In this case the zero drift of the electrodes 
cannot be compensated for by turning off the magnetic field nor can it 
be determined by temporarily stopping the blood flow. The latter is 
especially true if the signal from the flowmeter is being telemetered 
from an unrestrained animal. New circuits to simplify the collection of 
the ultrasonic flow data are described in Section 1.2.2. 
A particularly useful circuit which may be incorporated into 
figure 14 is shown below. The advantage of this circuit is that it can 
act as a narrow band-pass filter without the complexities of an active 
analog filter or the bulk of a passive analog filter. This circuit is a 
digital band pass filter which will pass only frequencies which are at 
the filter frequency and integral multiples thereof. It is necessary 
therefore to precede it with a low-pass filter rejecting 2 Lf by about 
30 to 40 db. This is not particularly difficult. 
The circuit is shown in 2igure 1-23 
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Figure 1-23 
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The Doppler frequency is passed through a low-pass filter 
removing the carrier and all sum and difference frequencies except those 
well below 2 Af, where Ef is the desired frequency for zero drift 
correction and corresponds to some prechosen flow velocity. The signal 
is now composed of frequencies from zero to below 2 tf. The zero-crossing 
detector consists of a high gain amplifier followed by a Schmitt trigger 
circuit. This produces a series of pulses whose lengths are proportional 
to the reciprocal of the instantaneous frequencies present in the signal. 
Hysteresis in the Schmitt trigger circuit can be adjusted to reject 
noise in the signal and is an essential feature of the circuit. The 
signal is then processed by a one-shot multivibrator producing a signal 
of fixed length and whose period is inversely proportional to the signal 
frequency. The one-shot output is fed to an "and" gate, a second input 
to the "and" gate is delayed by a time T proportional to the reciprocal 
of the desired filter frequency. Those pulses arriving just one period 
T behind the directly coupled pulses will produce an output from the 
"and" gate. Pulses arriving ahead or behind this delay will produce no 
output from the "and" gate. The sharpness of this filter depends on the 
duty cycle of the one-shot output which should be small. An analysis of 
this type filter is difficult to make and depends on the particular 
implementation of the one-shot as well as the duty cycle. However, it is 
expected from some preliminary calculations that it should not be 
difficult to achieve a band pass on the order of plus or minus a few 
Herz in 1000 Herz at the half power point with a duty cycle on the order 
of 5%.
By using a filter of this nature the fixed velocity signal 
needed for correction of the drift can be determined within a few percent 
with a minimum of hardware. 
1.2.2 New Circuits for Sound Pulse Doppler Range & Velocity Devices 
1) The previous circuits are complex and have fixed pulse repe-
tition frequencies. 
2) The pulse repetition frequency is optimum only when the range 
is near maximum for a given PRF. 
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3) The present circuits are much simpler, requiring fewer 
components. 
4) The present circuits always have a PRF which is the highest 
which can be used for any given range. 
5) The present circuits can compensate for range attenuation by 
two methods which are more simple and require fewer components 
than previous circuits. 
6) Several different circuit configurations are shown. They each 
have advantages and improvements over existing circuits. They 
are listed as follows: 
a) Simple new pulse doppler.circuit 
b) Modification of a) to provide range gain adjustment 
c) Modification of a) or b) to provide automatic range 
adjustment 
d) Modification to a), b), c) to provide forward and reverse 
flow 
e) Variation of a), b), c), d) using separate transmitting 
and receiving transducers 
f) Variation of a), b), c), d), e) modulating HF OSC directly. 
The circuit a) operates as follows: 
The PRF generator is adjusted by hand to the desired 
frequency. A high frequency for short range, a lower frequency for a 
longer range. The prf operates a flip flop so that one output is ener-
gized on every other pulse. The FF output on the first pulse allows this 
pulse to pass through G 1
 and enable LG 1 . The second pulse allows this 
pulse to pass through G 2
 and enable LG 2
 . The HF OSC is producing a 
constant amplitude constant frequency sine wave or approximation to a 
sine wave. When the LG 1
 is enabled the next cycle in the proper phase 
(say increasing voltage) passes through LG 1
 and a number of cycles 
follow. The number of cycles forming the pulse through LG 1
 is determined 
by the pulse length of the VAR PRF. This pulse is power amplified by 
XMTR and transmitted by XDCR into the tissue and/or other medium which is 
being investigated. The now sonic pulse proceeds through this medium 
until it encounters a moving medium (say blood in a vessel). A continu-
ous back reflection is occuring from scattering in the medium, this 
reflected wave is at the same frequency as the transmitted. When, 
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however, the pulse is reflected from a moving medium the frequency is 
increase or decreased by the velocity of that moving medium and the 
reflected wave contains difference frequencies which are proportional to 
the velocity of the moving medium. Let us assume that the moving medium 
is at such a distance from the XDCR that the time required to travel 
from the XDCR to the moving medium and return to the XDCR is just the 
time between pulses from the VAR PRF generator. There will always be some 
distance at which this will occur. The PRF is adjusted so that this is 
in some desired portion of the moving medium. The returning sonic pulse 
actuates the XDCR and produces an electric voltage proportional to the 
strength and frequency of the sonic pulse. This voltage pulse is ampli-
fied by RCVR and applied to the MIXER. Since the time of flight of the 
sonic pulse was as supposed exactly equal to the PRF of the VAR PRF, the 
second pulse from the VAR PRF will at this time be arriving at the MIXER 
having passed through G2 and LG2 . The mixer will produce a signal con-
taining the sum and difference frequencies along with other mixed fre-
quencies from the original pulse and the reflected pulse. Reflections 
of the pulse from greater depths arrive later and those from shallower 
depths arrive sooner and are not detected. The mixed signal is passed 
through a low pass filter to retain only the difference frequency and 
further amplified in Audio Amp. This audio signal with frequencies 
proportional to the velocity of flow of the moving medium can then be 
further processed to yield a slowly varying signal whose amplitude is 
proportional to the flow. This is done by the zero crossing detector 
(OXD) or by any other conventional means. 
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b) Modification of a) to provide range gain adjustment

	
C.iu 'T b	 ctiodsficn.*pop ontj 5bou) 
VAR 
	
PRr
	 A3 PRF IS chcreet.. 
5 JecregiseJ 
Figure 1-25 
Gain of receiver is coupled to variable PRF adjustment to 
provide sufficient gain to counteract attenuation as range increases. 
This will tend to maintain a constant signal to noise ratio. The gain 
increase required with range increase Is not linear but is more exponen-
tial. Any desired functional increase can be incorporated with the gain 
circuit of the receiver. 
c) Modification of a) to provide automatic range gain adjust-
ment.
The pulse produced by the VAR PRF generator Is a short 
duty cycle pulse, say a few percent. The pulse length is governed by 
the discrimination in range required, a short pulse length sampling a 
short distance in the flow stream. However, the power in the average 
returning signal is directly proportional to the duty cycle. If the 
pulse length is maintained constant and the pulse repetition frequency 
is increased to 'sample flow at greater ranges the duty cycle decreases. 
This is a disadvantage as the power is also reduced in the returning 
signal by greater attenuation at greater depths. Within limits this can 
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be compensated for, at the expense of distance sampled, by maintaining a 
constant duty cycle in the variable PRF. The duty cycle can also be 
Increased as the PRF decreases to overcome the effects of attenuation. 
A compromise between discrimination of sample distance length and average 
returning power can be made which overall improves the reception power 
without unduly affecting discrimination. 
d) Modification to a), b), c) circuits to provide information 
concerning forward and reverse flow. 
This modification adds a second channel in the receiver 
section. The oscillator signal is shifted In phase forward approximately 
90 and backward approximately the same amount before mixing with the 
received signal. The mixed signals are applied to zero crossing detect-
ors (OXD'S) with cross connected inhibit gates immediately preceding the 
OXY's. If one of the signals preceeds the other the one which is ahead 
inhibits the other. An increased reflected frequency (+Lf doppler shift) 
will actuate the "forward" channel and inhibit the "reverse" channel, 
with the reverse true for a decreased reflected frequency (-A doppler 
shift). This is the standard technique used In both conventional cw 
doppler and pulse doppler. A block diagram for this circuit is as 
follows:
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The audio signals can be applied to stereo earphones or 
speakers giving the illusion of sound coming from left or right and 
appearing to the hearing sense as flow traversing back and forth when it 
is doing just that. The analog signals from the cross inhibited zero 
crossing detectors can be made minus for reverse flow, plus for forward 
flow and independently recorded on a chart recorder or added in a simple 
adding circuit and recorded as a single trace above and below zero. 
e) Variation of a), b), c), d) using separate transmitting and 
receiving transducers. 
The part of the circuit from the transmitter out may be 
separated from the receiver circuit as shown below using separate trans-
mitting and receiving transducers.
lIrC.(.)t+ e 
(tMo acsc4-,0., ØL1) 
-L:EEE:J E"Y'')))) 1 
XDcg  
t 
_	 1 
RCVR	 IZL1 
	
I	 c.cv 
XDCR 
Figure 1-27 
The remainder of the circuit remains exactly the same 
whether it be a single channel or a double forward and reverse channel 
configuration.
f) Variation on a), b), c), d), e) circuits modulating the HF 
OSC directly.
1-35
In this variation the HF oscillator is normally off and 
oscillates only when a pulse from the VAR PRF generation biases it on (or 
turns off an inhibiting bias). This circuit is useful where power must 
be conserved since the oscillator only draws current at the duty cycle 
rate of the VAR PRF. A very low power continuous oscillator may be used 
and a power amplifier pulsed on when required as a simple alternative to 
pulsing the oscillator directly. 
The block diagram for this configuration is shown below as 
applied to block diagram a)
A. 
00"r	 io or 
Figure 1-28 
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A similar arrangement can be applied to all the other 
modifications and variations shown. 
1.3 The pH Electrode 
1.3.1 Preparation of Electrodes 
Over forty electrodes have been plated and mounted for testing. 
The mounting has been according to procedures previously developed and 
described In our earlier reports. This method has proved most satisfac-
tory and no difficulties have been encountered either in the construction, 
use or testing with this configuration. 
We have designed a plating procedure which has, after many 
difficulties, been refined to the point where reproducible results can 
now be obtained. 
It was decided to use Rhodium in place of Iridium as the active 
element with which to make the electrode. Rhodium is reported to have 
very similar properties to Iridium when used as a half cell electrode. 
Further, the Iridium which we were able to obtain as spectroscopicly pure 
proved erratic when tested against a calomel electrode. This was prob-
ably due to its method of manufacture which involved hydrogen reduction. 
As noted In our earlier reports a method of plating with Iridium has been 
worked out, but it is a rather tedious and complicated procedure. We 
felt that the experience gained by using Rhodium would be valuable when 
we went to Iridium. Due to various difficulties encountered in the 
Rhodium procedure we have not been able to proceed to the use of Iridium 
as yet.
The Rhodium procedure selected was based on a commercial 
process of plating Rhodium using a patented Rhodium bath. This process 
uses a preformulated concentrate of Rhodium plating solution, the Sel-Rex 
Rhodex solution. When diluted to operating concentration a Rhodium con-
centration in the bath is 5 grams per liter. 
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The Sel-Rex Rhodex electroplating process is described as 
producing a compressively-stressed, crack-free deposit which affords a 
thicker coating than previously possible. It was specifically developed 
for the more exacting applications. This essentially was what we 
believed we needed for these electrodes. The purity is 99.9% minimum, 
high hardness (900-1000 Knoop) and low contact resistance. 
The operating conditions recommended for the bath are given in 
the table below. 
1) moderate agitation 
2) temperature 50°C 
3) anode - to cathode ration 2:1	 2 4) current density 10 amps per sq. ft = 11 ma per cm 
5) twenty minute plating produces a film .0001 inches thick 
6) anode - solid platinum 
A plating bath using about one half liter of solution was 
prepared and set up according to these recommendations. 
A recommended plating cycle was given as follows: 
1) alkaline soak or vapor degrease 
2) rinse 
3) alkaline electroclean 
4) rinse 
5) acid dip (not hydrochloric) 
6) rinse 
7) activate 
8) rinse 
9) Rhodex plate 
10) rinse 
11) rinse 
12) hot rinse 
13) dry. 
Because of the material and size of the wires which we used for 
the preparation of our electrodes, this procedure was modified. The 
difficulties which we encountered were not traceable to the modification 
of this procedure. Our requirements led us to the following procedure. 
1) multiple acid dip in cone. nitric acid 
2) rinse 
3) repeat 1)
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4) rinse repeatedly 
5) plate in bath 
6) rinse repeatedly 
7) dry. 
The multiple acid dip and rinse produced a smooth velvet like 
surface which was inspected under a low power microscope for any discol-
orations or inclusions in the metal. This was necessary even though the 
silver wire used was 9999+ pure. The drawing process apparently would 
produce regions of nonuniformity and a hardened skin on the wire. Multi-
ple etchings in the concentrated nitric acid removed this skin and 
yielded a good uniform, strain-free base on which to plate. 
A series of electrodes were plated at various current densities, 
agitation, etc. Difficulties with discoloration of the plating, uniform-
ity and smoothness, etc. were encountered. Three to six electrodes were 
prepared and processed using the same procedure. Series Rh, A, B, C, D, 
E, F, G & H were processed before a uniform potential as shown by testing 
was achieved. The testing procedure is described in section 1.3-2 
following.
It was found necessary to maintain a constant level in the 
plating bath since the water evaporated readily at the high temperature 
and long time required. Plating generally required over 40 minutes to 
produced a thickness sufficient to be completely crack and pore free when 
tested. Burnishing of a number of electrodes with a second plating was 
tried, but proved to be of little value. It was also found necessary to 
frequently filter the plating solution as the slightest particle of air-
borne dust invariably managed to find its way to the surface of the 
electrode and ruin that particular surface. 
The glassware and tools (teflon coated tweezers) had 'to be 
thoroughly washed and rinsed before use and were kept covered when not in 
use. It was found to be necessary to be fanatically and scrupulously 
clean and careful at all stages of the plating procedure. Once this was 
established a number of good electrodes with a bright uniform, crack and 
pore free surface were produced. This was the series G & H. 
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1.3.2 Testing Procedure 
Various test procedures were used initially and as the general 
characteristics of the electrodes became known a standard testing proce-
dure was developed. The testing apparatus consisted of a standard Beckman 
pH meter, (Expandomatic Model) with 1400 & 200 millivolt spans, Digitec 
digital voltmeter model 252 with 1 my least count, Varian Associates 
strip chart recorder model G-14 1 to 1000 my ranges and voltage calibration 
box. An Arthur H. Thomas calomel electrode no 4857 with ceramic porous 
plug was used as the reference half-cell. Test solutions were A. H. Thomas 
color-coded pH buffer solutions pH 4.01 ± .01 potassium hydrogen pthalate, 
pH 7.00 ± .01 potassium sodium phosphate and pH 10.00 ± .01, boric acid, 
potassium hydroxide. These test solutions were used for all tests, elec-
trodes were rinsed with distilled water between test solutions. RoUtine 
checks of these buffers were made against Beckman buffer solutions and 
showed little or no change over time, fresh solutions were used when 
required.
The Beckman pH meter was modified to provide for an output which 
could be connected directly to the Varian recorder. The 200 millivolt 
scale of the pH meter was used to provide a final full scale reading on 
the recorder of 200 millivolts. Calibration overall was checked using the 
voltage source and Digitec digital voltmeter. The 200 millivolt range 
could be adjusted anywhere within useful limits by means of the zero 
balance of the pH meter or the zero suppression of the recorder. The pH. 
meter essentially provided no amplification, but rather presented a very 
high input impedance to the electrodes which the recorder could not provide 
by itself. Loading effect on the electrodes has not as yet been tested but 
with,this arrangement any loading desired can be simply tested independent 
of the Instrumentation. A twenty minute recording of each change in 
buffer solution was made at a chart speed of six inches per hour. Later, 
for electrode response tests, a chart speed of 2 inches/minute was used. 
It was noticed that a time lag occurred for measurements which 
was different for the various combinations of 4, 7, 8, 10 pH and for the 
direction of change. It was first thought that this was a difference in 
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stabilized measurement, but it was determined that at equilibrium these 
measurements became the same. A testing procedure was therefore devel-
oped which would permit an equal or nearly equal number of comparisons 
between all combinations of 4, 7, and 10 and in each direction. Reduced 
te 
7, 
4, 
to 
to 
to 
to 
to 
to 
to its simplest form the order of 
pH 4, 10, 7, 10, 4, 
4, 7, 4, 10, 7, 10, 
	
This gives 4 transitions
	 4 
	
4 transitions	 10 
	
4 transitions	 7 
	
4 transitions	 10 
	
4 transitions	 4 
	
3 transitions	 7
sting became as listed below. 
4, 10, 7, 10, 4, 7, 4, 10, 7, 10, 
7 
10 
7. 
10 
4 
7 
4 
In all 24 measurements were made, 8 at each pH value. Origin-
ally measurements were recorded for 20 minutes for each pH value to allow 
for equilibrium. As this requires a full 8 hours for a single series of 
measurements on one set of electrodes this procedure was later modified 
to the following sequence 
pH 4, 10, 7, 10, 4, 7, 4, 10, 7, 10, 4, 7, 4, 10, 7, 10 
for a total of 16 measurements. This provided 5 at pH 4, 
5 at pH 7 and 6 at pH 10. This also provided 15 transi-
tions divided as follows:
	 - 
2 transitions 4 -	 7 
3 transitions 7 - 10 
3 transitions 4 - 10 
2 transitions 7 - 4 
3 transitions 10 - 7 
2 transitions 10 - 4
For those electrodes which reached equilibrium quickly the recording time 
was reduced to 15 minutes. 
1.3.3 Results of Tests 
The best series of electrodes were the last two series, Gi 
through G5 and Hi through H3. A plot of G3 and G5 are given in Figs 
1-29 and 1-30 and Hl, 112, & 113 are given in Figs 1-31 & 32 & 33. The 
plotted values of voltage are those obtained from the charts at twenty 
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minute intervals and the sequence of the readings are as shown by the 
abscissa. Electrodes G4, G5, Hi, H2, & H3 are quite similar. The 
readings as taken over the 5-1/3 hour period show no distinct trend 
except for pH 4 which appears to increase. Most of this trend is in the 
first three ,
 readings, the last three tend to be more alike. Assuming 
electrodes Hi, H2 & H3 to be similar enough to'be considered as the same 
the following averages were obtained from the last three readings of 
these three electrodes combined and a standard error of the mean was 
computed for each average at each . pH value. 
Last 3 readings Hi, H2, H3 lumped 
pH	 4 x ± SE(mean) =	 155.11 ± 0.58 millivolts 
pH	 7 x ± SE(mean) =	 129.11 ± 0.55 millivolts 
pH 10 x ± SE(mean) 86.89 ± 0.29 millivolts 
The small standard error of. the mean shows excellent agreement and is 
within the measurement error. 
Another way of looking at this data is to calculate the'milli-
volt difference for each transition pair pH 4-7, 7-4, 4-10, etc. 
This data is summarized in the checkerboard shown below. 
4	 '1	 10
31.33 61.33 
±6* ±.rr, 
31. St3 
±99 
'1leo 33.144 
t.1I ±39
/
4 
Im
LUP&D DATA 
Figure 1-34 
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The intersection of row and column gives the millivolt change 
for this change of pH and its direction. The greatest error occurs in 
the comparison of pH 10 to 4 at 71.00 millivolt with pH 4 to 10 at 61.33 
millivolts. This cannot be explained at the present time. All other 
transitions are well within experimental and instrument error. It is 
unlikely that a change of this magnitude would occur in biological 
fluids within the very short time which was used in this test. 
From the data for electrodes H1, H2 , H 3
 a second order equation 
was developed which matches the data quite well. This is shown in 
Fig 1-35. The relationship is given below. 
pH = 0.63 + 1.06 4165-MV 
MV = millivolt potential in range of 4 to 10 pH against 
A. H. Thomas calomel reference electrode 
An important factor in measuring a changing pH is the response 
time of the electrodes. Data was obtained from the chart recordings at 
both high and low recording speeds (hi 2 inches per minute; lo 6 inches 
per hour). Most of the data was recorded at the low recording speed with 
some taken, to obtain a better estimate of the electrode response, at the 
higher speed. The electrodes response time was obtained as follows. 
After equilibrium in a one of the three buffer solutions, the electrode 
was removed, washed quickly in distilled water (about 10 - 15 seconds) 
and immediately placed in the next pH buffer called for in the sequence. 
The time required to reach 90% of the millivolt change at equilibrium was 
determined from the chart record. These were tabulated and averaged with 
an estimated error of about ± 10%. The results obtained for electrodes 
H 1 , H2 & H 3
 are given in the table below. The response times are not 
reciprocal when going from a high to a low pH with the reverse time, nor 
are they the same for the several transitions. All transitions in both 
directions are given in the table. 
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for electrodes H i, H2 , H3 averaged. 
These are quite adequate for most anticipated biological applications. 
Figure 1-36 
The H&G series of electrodes have been shown to have reason-
ably good response to pH and to be stable over the testing periods. 
Further tests will be run on these same electrodes for extended periods 
of time to test stability both with long immersion at a single pH value 
and for difference voltage at the several pH values. Response times 
will be checked after extended use. At the present time it appears that 
these electrodes are reproducible and should live up to our expectations 
for them. The slope is quite sufficient for telemeter drive being at 
least —6 millivolts per pH. at low values of pH and over —16 millivolts 
per pH at high values of pH. While this is not linear the calibration 
is known and the telemetered signal can either be compensated before 
transmission or corrected after reception. Further tests of these 
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electrodes in fluids simulating body fluids will also be carried out to 
assure stability in body fluids.
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2.0 THE PHOTO-FILM BIOLOGICAL RECORDS 
Effort has initiated on the development of a model of the 
biological recorder. In the embodiment being developed for a specific 
application, the operation is as follows: 
1. data of interest is digitized in binary form. 
2. the resultant datum is fed in parallel to a series of 
ultra-miniature incandescent lamps which are located 
across a strip of photographic film. The lamps are gated 
on for a brief time by a predetermined energizing pulse--
lighting only if the lamp position is coincident with a 
datum bit. 
3. The film is then moved to the next unexposed position. 
2.1 Characteristics 
To expand on the brief explanation above consider a length of 
sprocketless 35mm film, 30.5 meters long. Now assume 30 microminiature 
lamps distributed across the film: 
The maximum numerical capacity of this arrangement using 
the binary notation is clearly 2 30
_.1 or 1,073,741,823 - for 
all positions involved with a single datum. Further, one 
can divide the line of position into convenient groups 
such as 3 x 10 positions where each then represents a 
maximum capacity of 1023. Many similar and convenient 
arrangements are possible. 
Now assume that each line of data requires Ca. .25mm of space 
and that each line is separated from the next (center-to-center) by 0.62 
nun. This being the case 30.5 meters of film x 35mm wide provides a non-
volatile storage capacity for 1.356 x 10  bits. We point out that this 
storage capacity is calculated for the simplest sort of configuration. 
Were we to design a fiber optic recording head, a capacity of 2.4 .
 x 107 
bits is easily obtainable. This latter capacity is based on a spot 
diameter of .075mm and a center-to-center line separation of 0.200mm. 
2-1
The maximum number possible to handle on a single line in this case is 
21601.
By aligning the recording head at an angle other than perpen-
dicular to the film-motion axis even larger capacities are easily obtain-
able.
The film is driven only after a recording is made and there-
fore the drive mechanism duty cycle is n 
t 
Where n = duration of drive operation and t = time between 
readings. Thus a situation where n = .5 second and t = 30 minutes 
(= 1800 seconds) the duty cycle is 1:3600. By this means and the fact 
that the writing lamps are pulsed for Ca. 5 x 10 73 seconds, the average 
power requirement for the recorder Is In the microwatt region. 
The development now underway is being designed for use with 
relatively large anumals such as the whale or the green turtle. We 
hasten to point out, however, that precisely the same principles applied 
to a recorder using the standard Minox cartridge produce capacities on 
the order of 8.3 x 1O 3
 bits. Using fiber optics at the recording head 
will increase this capacity to about 1 x 10 bits. Further, shifting to 
thin base film will further increase the capacity. 
This recorder function is described In Figures 2-1 and 2-2. 
Figure 2-3 illustrates an early developmental solenoidal drive mechanism 
for a Minox cartridge.
2.2 Design 
Our Initial development approach deals with the simplest 
design. The lamps used in the writing head are ultra-miniature incan-
descents, see Figure 2-4. 
We plan to use ca. 30.5 meters of thin-base film which can be 
accomodated (with very slight modifications) by the standard Nikon, 250 
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exposure cassette. The film used will be sprocketless. 
A writing head with a 30 lamp capacity has been designed and 
the basic assembly fabricated as shown in the photograph of Figures 2-5, 
2-6 and 2-7. Figure 2-5 shows the lamp head apart. In the foreground 
can be seen the lamp-holder. The holes on top are 0.34mm in diameter and 
are ports to permit light to reach the film. Figure 2-6 shows the unit 
assembled and the holes into which the lamps are inserted can be seen as 
well as the grooves which will take nickel contact leads from each lamp. 
Figure 2-7 shows the opposite side from which lamp leads come out for 
contact to a single common conductor. Our next step will be to incorp-
orate the lamps into the head, an effort which will be undertaken in 
April.
The total recorder mechanism assembly can be seen in Figure 2-8. 
This assembly is now being detailed and construction should 
initiate in April.
2.3 Associated Circuitry 
Several kinds of circuitry are involved in the total recorder. 
The first deals with the controlled drive of film. In the prototype 
being developed we will use a rotating micromotor (1.25 - 1.75v) driving 
a 5750:1 reduction gear train. The available torque from this drive 
mechanism is well in excess of 100gm-cm. The circuit problem relates to 
pulsing the motor on for a duration sufficient for two rotations of the 
second gear in the train. The resulting motion applied to a properly 
sized film-drive roller will provide a film movement of ca. .030 inches 
(=0.75mm). Part of the design problem is to stop the drive train at the 
end of the drive pulse--that is to prevent coasting. The circuit 
solution is illustrated in Figure 2-9(a). Figure 2-9(b) illustrates the 
circuit to limit the rotation of the motor to two revolutions of the 
second gear in the train.
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Puts 
Fig. 2-9(a) 
Re is a normally-closed relay which short circuits the motor effectively 
braking it. Application of a drive pulse opens the relay and permits 
the motor to operate. At the end of the drive pulse, the relay again 
short-circuits the motor. The relay will open in ca. 3 ms. 
ianP
	 ohjretJ+'e cell
To w,o4Or 
circuit 
zu Mirror
pvle 
of drpve. pube. 
Fig. 2-9(b) 
It can be seen that two pulses generated by the gear-mounted mirror will 
produce an output from the binary stage which resets "FF", thereby 
closing the gate "G".
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In addition to the above, we wish the versatility of being 
able to program the use of groups of the thirty writing lamps. By this 
means we will be able to vary the data content and least count per datum 
within each recorded line. The basic circuitry Is built up from micro-
power binary stages now under development. Figure 2-10 illustrates the 
approach used. The detailed circuits under development can be seen in 
Figure 2-11 (counter stages with reset and interstage drive) and 2-12(a), 
write gate and lamp drive and 2-12(b), 10 ms one-shot. These circuits 
are in the early stages of development and show promise of stable, micro-
watt operational capability. 
2.4 References for Section 2.0 
Steele, Electronic Design News, 15 December 1969. 
(2)
E. Keonjian (ed.), Micropower Electronics, AGARDograph 77, Pergamen 
1964.
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Figure 2-12	 One Shot, Gate and Lamp Driver Circuits 
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